Summary
Polygraphic sleep recordings were done in four children with psychosocial dwarfism. The first recordings, performed within the first days after hospitalization, exhibited a gross deficit of stage IV sleep and a decrease of the durations of slow wave sleep episodes (SWS = stages 111 and IV). The second recordings were performed after several wk (3-15) in the new environment, during the growth recovery period. A clear improvement of sleep quality was observed, namely an increase of stage IV amounts.
In two of the four patients, hGH release was studied by means of the ornithine test. Aslow response was found in the first (2) days of hospitalization whereas a normal response was observed during the recovery period suggesting a partial and reversible hGH deficiency. A simultaneous recovery of both stage IV sleep and the growth rate was observed in the four patients. These data suggest that sleep disturbances are strongly linked to growth failure in psychosocial dwarfism.
Speculation
A reversible hGH deficit has been found in psychosocial dwarfism. A temporal relationship between nocturnal release of hGH and slow wave sleep has already been established by others. We hypothesize that the slow wave sleep deficit observed in our patients can induce a deprivation of considerable amounts of hGH. At this point it is not possible to say whether the functional deficit of hGH is a consequence of the lack of stage IV, a reduction of the duration of slow wave sleep (stages 111 and IV) episodes, or both.
Sleep disturbances of patients with psychosocial dwarfism have frequently been mentioned in the literature (6, 15, 17, 21) . In their clinical study. Wolff and Money (26) pointed out a possible relationship between sleep quality and physical growth for patients with reversible somatotropin deficiency. In our paper we present polygraphic sleep data that show a clear relationship between stage IV amounts and physical growth.
MATERIALS AND METHODS
Four children. (three girls and one boy aged 1-3 years) were admitted to the pediatric ward because they had a statural deficit. They all exhibited the main characteristics of psychosocial dwarfism.
Information about social and psychoaffective adjustment were obtained through interviews with parents conducted by the medical, psychologic and social staff members. Physical examination and psychologic testing were completed during the hospitalization. They all had experienced emotional and psychologic deprivation.
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I. Clinical data. All four patients had a marked shortness of stature: case A was at the 10th percentile and cases B-D at or slightly below the 3rd percentile for weight and for length. They also had a delay in skeletal maturation ( Table 1 ). All of them weighed over 3000 g at birth and had grown normally for periods of time ranging from 6-18 months before their short stature was noted (Fig. 1) . Except for staturo-ponderal data, physical findings were in the normal range. Hemoglobins varied from 9-12 g per 100 ml. Blood and urine ionograms were normal. Xylose test, fat excretion and small intestinal biopsy were normal in the two cases (A and C) in which they were performed.
Disturbances of behavior were reported in all the cases and were the prime reason for referral in two cases. Feeding difficulties with anorexia were present in cases A and B without any evidence of underfeeding. Poor sleep with frequent awakenings was mentioned for cases C and D. During the first days of hospitalization the four children were very passive, and had immature social responses and withdrawn behavior.
II. Sleep recordings. We obtained two polygraphic nocturnal sleep recordings from each child using a standard methodology. The initial recordings were taken within the first three nights after admission for cases A, B and C and on the ninth night for case D. The second sleep recording for all patients took place 21-102 days later. The sleep stages were visually scored according to the usual criteria (18) adapted to children (2) . Slow wave sleep (SWS) was defmed as stages 111 and IV, with the appearance of between 20-50% of delta waves (without consideration of amplitude) used as the criterion for stage 111 sleep and above 50% as that of stage IV. Sleep recordings of twelve nights from ten healthy children of the same age group (1-3 years, mean 2 years) were used as a-control.
III. Plasma hGH studies. Three patients (A, B and C) underwent a hGH stimulation test (ornithine load) (8) both in the period of stunted growth and in the recovery period. The test was pkrformed in the first two days of hospitalization for cases A and B, but it was carried out only on the ninth day after admission for case C. hGH levels were determined by radioimmunoassay (20) with a normal response in the laboratory being defined as a peak plasma hGH concentration above 11 ng/ml (8) . The mean of the peaks observed in controls after ornithine load is 28 ng/ml (95% confidence levels 1 1-68 ng/ml).
RESULTS
I. Clinical Data. The only therapy used was separating the child from his/her family environment without any special diet or medical intervention. Those behavioral disturbances mentioned by the parents disappeared after a few days in the hospital. The children became happier and more engaged in social communication. All gained 1 or more kg during the first month after separation from their families: Growth started again shortly after admission as shown by the growth curves (Fig. 1 ). The growth rates achieved during the 2-9 months of clinical follow-up after being admitted to the pediatric ward were greater than expected for similar chronobiologic ages and represented true catch-up growth (Table 2 ). Case C has already been published (9) . II. Polygraphic sleep data; initial data: The total sleep period (from sleep onset to morning awakening) was reduced in our patients, and although stage I11 sleep was of a normal amount, they exhibited a gross SWS deficit as a function of a lack of stage IV sleep. Stage IV was completely absent in three children and in the fourth child (D) it was greatly diminished compared to the controls. was decreased in all children (0.14-0.39) whencompared to controls (range 0.40-0.58). On the other hand, the ratios total sleep t&e were in the normal range in three children. In total sleep period case C, ihe amount of intervening wakefulness was very high (Table 3 and Fig. 2A) .
In summary, the first sleep recordings after admission exhibited a strongly diminished stage IV and an increased stage I and tendencies to increase intervening wakefulness and decreased PS.
Polygraphic sleep data; sleep recovery: In all of the recordings performed in the recovery period, the TSP for our patients had increased. The sleep parameters neared normal values. The most notable change was the reappearance of stage IV in all of our subjects. Three subjects still had less stage IV than the controls but one subject (D) had a greater amount than normal. The number of SWS episodes increased (3.3 f 0.7 min) and they were of longer duration (22 f 5.5 min) with a range of 2-39 min. In each child there was at least one SWS episode longer than 23 min.
Our patients had nearly normal amounts of PS. The duration of PS episodes increased to 15.7 f 5.3 rnin with a range of 11.3-18.1. The increase of the sleep efficiency index (Table 3) was accounted for by the recovery of both stage IV and PS. The amount of intervening wakefulness was within the normal range.
hHG levels ( Table 2) . During the first two days of hospitalization a low response to the ornithine test was observed in both cases A and B (9 and 10 ng/ml respectively) which might indicate a partial hGH deficiency. When performed during the recovery period, the ornithine test exhibited a normal response (38 and 30 ng/ml) in both patients. This stimulation test carried out on the ninth day after admission in case C was normal.
DISCUSSION
The main features of psychosocial dwarfism, as described in previous reports (14, 15, 21) were present in our four patients: (1) slowing down in statural growth and in skeletal maturation after the first months of life, and (2) behavioral disturbances and retarded psychomotor development. These symptoms depended upon disrupted relationships between the child and the parents as demonstrated by the rapid reversibility of the symptoms after removal from the familial environment.
Some of the sleep disturbances observed in our patients are frequently found in children with other sleep disorders (2), namely, an increase in stage I sleep and intervening wakefulness and a decrease in PS. But specific to our patients is the striking decrease (case D) or total absence (cases A, B, C) of stage IV sleep. This deficit is particularly impressive when one remembers the usual constancy of SWS in young subjects and the priority of its recovery Sleep parameters: total sleep period (TSP) and relative amounts of sleep stages (in % of TSP): intervening wakefulness (W),  stages of sleep (I, II, I l l , I V), and paradoxical sleep (PS) are given for each patient. For our control group the mean values and S. D. are given. (10, 24, 25) . And, finally, SWS is not influenced by the first night effect (1, 2). Because only night sleep was recorded, a small amount of stage IV during the day cannot be excluded. Nevertheless, it is difficult to imagine that during the day the quality of sleep could compensate for the lack of nocturnal stage IV sleep. In adults, a decreased amount of stage IV has been described in some pathologies such as in the study of Clarke et al. (4) . This decrease of stage IV is also often considered the most constant feature of sleep recordings of depressed people (1 1, 12 ). In fact, the behavior of our patients calls to mind some of the aspects of depression observed in adults. The time necessary for sleep recovery has not yet been studied. But it can be assumed thata certain-amount of recovery is achieved within a few days in the new environment: in case D on the ninth day after hospitalization, stage IV represented 9.5% of TSP. An early recovery might also explain the almost normal SWS amount observed by Powell et al. (17) in a single case of psychosocial dwarfism when recorded on the fifth night after hospitalization. A slowing down of the growth process, in some cases quite severe, sometimes accompanies these sleep and behavioral disorders when pathologic conditions continue. A complete or partial deficit of hGH after a very early stimulation has been shown to occur in psychosocial dwarfism (16, 17) . This is exactly what was found in two of the children who underwent the ornithine test within two days of admission to the hospital.
Along with these pharmacologic stimuli of the hGH release, the study of the nocturnal secretion of hGH represents another, more physiologic aspect of control mechanisms (3). Both for normal subjects (23) and those having a partial sleep deficit (9, it has been shown that the nocturnal peaks of hGH are equivalent to those found after pharmacologic stimulation. But nocturnal release of hGH and diurnal pharmacologic stimulation can give very different results. Some authors (7) have reported an absence of nocturnal peak of hGH in a case of a true hGH deficit, which was responsible for a case of severe dwarfism. In this instance a normal or subnormal response to the pharmacologic hGH stirnulation was found. This dwarfism was reversible by means of hGH therapy. Nocturnal release of hGH is known to occur essentially during SWS episodes (13, 19, 22) . SWS alone is not sufficient even though it is necessary for the normal release of hGH (4, 19) .
Minimal amounts of SWS have been shown to be associated with a blunted hGH response (4) whereas a normal hGH response was noted in all subjects with SWS amounts equal to or greater than 48 min (23) .
This part of our work has been little documented and only a prolonged study of the levels of hGH during the entire night could demonstrate such an interaction between SWS and hGH in psychosocial dwarfism. One could hypothesize that in our patients there was an alteration of the night secretion of hGH because three out of four of them had a total absence of stage IV sleep when hospitalized. This deficit of the physiologic secretion of hGH could have played a role in the slowing down of their growth. It seems that after only a few wk in a new environment the normalization of sleep patterns provided optimal conditions for hGH release.
To conclude, sleep disturbances, already considered as symptoms of psychosocial dwarfism, might have a causal influence in the growth failure.
